Introduction
Copper is widely distributed in nature and it is the third most nutritionally essential trace element in the body after iron and zinc. 1 The copper is present in all body tissues; however, the liver, the brain, the heart and the kidney contain copper in maximum amount. Copper is absorbed, transported, distributed, stored and excreted in the body. A complex homeostatic process ensures a constant and sufficient supply of micronutrient and simultaneously avoids excess level. 2 As a micronutrient, copper plays a vital role in many biological systems during cell respiration in the blood of invertebrate animals and in the formation of hemocyanine and important respiratory protein is found in the lymph of most animals belonging to the phyla Mucosa and Arthropoda. 3 Copper is essential micronutrient which acts as an electron donor or acceptor as its oxidation state fluxes between Cu +1 (cuprous) and Cu +2 (cupric). Copper is an integral part of antioxidant enzyme, copper-zinc superoxide dismutase (Cu, Zn-SOD) and has a role in iron homeostatic as a co-factor in ceruloplasmin. 4 Copper deficiency causes diseases like anemia, low immune function, osteoporosis, wound healing, arthritis and cardiovascular diseases. The surplus intake of copper leads to diarrhoea, stomach upset, nausea and it also causes jaundice, Wilson disease and tissue injury, etc. Dietary deficiency of copper causes variety of clinical disorders which can be cured by copper therapy. 5 Due to high electrical conductivity of copper at room temperature, maximum copper production in the world is utilized in electrical industries. 6 Copper is also used in pipe making, roof sheeting and bronze paints. Pure copper is extensively used for wires, cables, conducting parts and electrical contacts. The copper alloys find extensive applications in automobile radiators, heat exchangers and home-heating systems. Copper is used as fungicide, insecticide and micronutrient fertilizer in agriculture.
Various analytical techniques such as X-ray Fluorescence Spectroscopy, Atomic Absorption Spectrophotometry and Inductively Coupled Plasma-Mass Spectrometry are used for the determination of copper at micro level. These methods are highly sensitive but not selective, involves a number of steps, preconcentration of sample is costly and experts are required to monitor the instrument. Among these techniques, the spectrophotometric methods are easier to handle, more sensitive, rapid and involve less expensive instrumentation. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Therefore, the extraction and spectrophotometric determination of trace amount of copper is significant. The phenyl thiosemicarbazones are the extensively used sulphur and nitrogen containing chromogenic reagents which form stable complexes with Cu (II) and are extracted into organic solvents. The literature survey reveals that only a few phenyl thiosemicarbazones were employed for extractive determination of Cu (II). [18] [19] [20] [21] [22] [23] [24] Various spectrophotometric methods for determination of Cu (II) are summarized in the Table 1 .
It was revealed from the reported methods that they suffer from disadvantages such as maximum absorbance in UV region and some require surfactant for full colour development, more shaking time, heating of aqueous phase for complexation and synergic extraction.
In the present work, we introduce a new chromogenic reagent
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Table 1
Comparative chart of present method and reported methods for the determination of Cu (II) spectrophotometrically 4-(4'-nitrobenzylidene imino)-3-methyl-5-mercapto-1, 2, 4-triazole, (NBIMMT) and it is applied to develop a new, rapid, selective, simple and reproducible extractive spectrophotometric method for determination of Cu (II) in pharmaceuticals, synthetic mixtures and alloys. The reagent NBIMMT in chloroform forms orange-red colored complex with Cu (II) and was extracted quantitatively. The method does not require heating of aqueous phase, surfactant, synergists and extracted complex shows absorbance in visible region.
Experimental

Instrumentation
Absorbance measurements were carried out using Elico digital spectrophotometer (model SL-159) with 1 cm matching quartz cells. The pH measurements were made by using Equiptronics digital pH meter (model EQ-615). Analytical reagent grade chemicals and reagents were used throughout the study. Calibrated glassware was used for volumetric measurements. A Chemito 203 atomic absorption spectrophotometer was used for comparative purposes.
Reagents
Preparation and characterization of 4-(4'-nitrobenzylidene imino)-3-methyl-5-mercapto-1, 2, 4-triazole (NBIMMT). 32, 42 The reagent NBIMMT was prepared by simple condensation of 3-methyl-4-amino-5-mercapto-1, 2, 4-triazole (2.6 g, 0.02 M) with 4-nitrobenzaldehyde (3.029 g, 0.02 M). The mixture of 3-methyl-4-amino-5-mercapto-1, 2, 4-triazole and 4-nitrobenzaldehyde in 100 mL of ethanol containing 3 drops of glacial acetic acid was refluxed for 3-4 hours. The product was separated and recrystallized from hot ethanol. On cooling faint yellow needles were obtained. The Scheme 1 shows the reaction for preparation of NBIMMT.
By using thin layer chromatography, the purity of the NBIMMT was checked. The melting point of ligand was 224°C and structure was confirmed by using NMR and IR spectra. 1 43 The working standard of Cu (II) solution was prepared by appropriate dilution of standard stock solution with water.
A reagent solution (0.01 M) was prepared in chloroform by dissolving 0.263 g NBIMMT in 100 mL volumetric flask. The fresh reagent solution was used as and when required. Other standard solutions of foreign ions were prepared by dissolving requisite quantities of their salt in water. Various synthetic mixtures containing Cu (II) were prepared by combining it with commonly associated metal ions in definite composition. 44 Doubly distilled water was used throughout the experiments. The buffer of pH 6.2 was prepared by mixing appropriate volume of 0.1 M NaOH and 0.1 M KH 2 PO 4 solutions. 45 
Recommended Procedure
Sample solution (1 mL) containing 100 ppm of Cu (II) was diluted with phosphate buffer (pH 6.2) up to the mark in 25 mL volumetric flask. The solution was transferred into 125 mL separating funnel, followed by addition of 10 mL 0.01 M NBIMMT in chloroform. The two phases equilibrated for 30 s. The organic extract was collected over anhydrous sodium sulphate (1 g) to remove the traces of water and then it was transferred in 10 mL volumetric flask and diluted up to the mark with chloroform. The absorbance of the extracted complex was measured at 470 nm against reagent blank. The reagent blank was prepared in the same way without taking Cu (II). A calibration curve was prepared and unknown amount of Cu (II) was determined from the calibration curve.
The percentage extraction (% E) and metal distribution ratio (D) were calculated according to Equations (1) and (2) Figure 1 shows absorption spectra of the Cu (II)-NBIMMT complex at pH 6.2 against reagent blank. The absorption measurements were made in the spectral range 360-750 nm. The absorbance curves indicate that the orange-red coloured Cu (II)-NBIMMT complex in organic phase exhibits absorbance maximum at 470 nm. The absorbance of reagent, NBIMMT at 470 nm is negligibly small against chloroform blank, therefore the spectrophotometric measurements were made at 470 nm against the reagent blank and Cu (II) was determined.
Results and Discussion
Spectral Characteristics
Effect of pH
Change in pH affected the complexation of Cu (II)-NBIMMT. Therefore, the absorbance of complex was studied between pH 1 to 10 by using dilute HCl and NaOH solutions. The absorbance values of extracted complex were measured. The maximum absorbance was obtained in the pH range 5.8 to 6.4. Beyond this pH range, the observed absorbance values were lower. pH effect
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Scheme 1
was also studied by using acetate and phosphate buffer solutions. The values of absorbance observed using buffer solutions coincide with the absorbance values obtained by adjusting the pH of aliquots by pH meter. Therefore, phosphate buffer of pH 6.2 was used conveniently for all the subsequent studies which do not require pH adjustment (Fig. 2). 
. Choice of Solvent
Various organic solvents were tested for the extraction of Cu (II)-NBIMMT complex. It was found that the absorbance values at l max 470 nm increased in the order: carbon tetrachloride < MIBK < xylene < n-butanol < 1, 2,-dichloroethane < toluene < benzene = chloroform (Fig. 3) . Benzene is carcinogenic hence chloroform was recommended for further studies.
Effect of NBIMMT Concentration and Stability of Complex
The effect of reagent concentration was investigated by measuring absorbance of solution containing 10 ppm Cu (II) constant and NBIMMT of various concentrations in 10 mL chloroform at 470 nm. It was found that about thirty-two-fold molar excess of reagent over Cu (II) was required to complete the complexation (Fig. 4) . It was also found that there was no adverse effect of excess reagent concentration. Therefore sixtyfold excess of reagent was suggested in general procedure to ensure complete complexation of Cu (II). The orange-red colour of Cu (II)-NBIMMT complex was found to be stable for more than 24 hours.
Effect of Shaking Time
Extraction of Cu (II) by 0.01M NBIMMT in chloroform was found to be very rapid. Percentage of extraction remained unaffected, when the shaking time was varied from 5 s to 30 min. In present investigation 20 s shaking time was recommended for quantitative extraction of Cu (II) in organic phase.
Validity of Beer's Law, Sensitivity
The system adheres to Beer 's law in range 4.75 to 16.13 ppm ( (Fig. 6 ). The plot shows sigmoid curve. The steepest portion of the curve indicates the optimum concentration range where error is minimal. [46] [47] The molar absorptivity calculated from Beer's law over the range studied was 2.825 × 10 3 L mol -1 cm -1 and Sandell's sensitivity was 0.02247 mg cm -2 . These molar absorptivity and Sandell's sensitivity values indicate that the method is moderately sensitive. 
Stoichiometry of the Complex
The stoichiometry of Cu (II)-NBIMMT complex was confirmed by Job's continuous variation, mole ratio and log-log plot methods.
Job's Continuous Variation Method
Equimolar solutions of Cu (II) and NBIMMT in chloroform were used. Cu (II) solution was adjusted to pH 6.2 with phosphate buffer solution in a total volume of 25 mL and transferred to 125 mL separating funnel. NBIMMT was mixed in complementary proportions containing varying amount of reagent in 10 mL chloroform. The absorbance of an organic extract was measured at 470 nm against the reagent blank prepared in similar way without taking Cu (II). The plot of absorbance versus mole fraction (M/M+L) indicates that the formation of complex of Cu (II) with NBIMMT in the ratio of 1:2 (Fig. 7) .
Mole Ratio Method
Equimolar solution of Cu (II) and NBIMMT were used. A series of solutions were prepared by keeping the concentration of Cu (II) constant (0.001573 M, 1 mL). The volume of solution was adjusted to 25 mL by phosphate buffer of pH 6.2 and varying amount of reagent in chloroform(0.001573 M, 0.5-5.0 mL) were used for extraction of Cu (II)-NBIMMT complex by adjusting total volume 10 mL with chloroform. The absorbance was measured at 470 nm against corresponding reagent blank. The graph of absorbance versus the molar ratio (L/M) was plotted and a break was observed where the Cu (II) to NBIMMT ratio was 1:2 ( Fig. 8) .
Log-Log Plot
In this method, concentration of Cu (II) was kept constant and buffer of pH 4.0 was added to make volume 25 mL. The NBIMMT of various concentrations was added and finally the volume of organic phase was made up to 10 mL. The absorbance of coloured organic phases was recorded at 470 nm against respective reagent blank. The nature of extracted Cu(II)-NBIMMT complex was asserted by plotting graph of Log D [Cu (II)] against Log C (NBIMMT) . The plot is linear having slope 1.6 (Fig. 9) .
Therefore the composition of extracted species was found to be 1:2, Cu (II): NBIMMT. Scheme 2 shows the probable extracted species of Cu (II) with NBIMMT.
Effect of Foreign Ions
To find selectivity of proposed method, the study was carried out for the determination of Cu (II) in presence of higher concentration of foreign ion. The tolerance limit of the ions shows minimum deviation (±2 %) in absorbance. The interference of various cations was removed by using suitable masking agents (Table 2 ).
Applications
Determination of Cu (II) in Synthetic Mixtures
The synthetic mixtures of definite compositions were prepared by taking 100 ppm Cu (II) and associated metal ions of known concentrations. 44 The present method was applied for determination of Cu (II) in these synthetic mixtures by employing the recommended procedure. The results obtained were in conformity with amount of Cu (II) taken (Table 3 ).
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Determination of Cu (II) from Alloys
In order to check the analytical applicability of present method, Cu (II) was determined from standard alloy samples. Alloy 100 mg was dissolved in aquaregia (5 mL), heated on hotplate to almost moist dryness and the nitrate was removed by using concentrated HCl. Residue was filtered and filtrate was made up to 100 mL with doubly distilled water. Suitable aliquot of diluted solutions were taken and determined by present method. The results obtained by present method were consistent with that of AAS (Table 4) . 
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Determination of Cu (II) from Pharmaceutical Samples
The pharmaceutical samples such as Supradyn, Eldervit 20 and Antoxid were selected for determination of Cu (II). A known weight of sample was dissolved in 5 mL aquaregia and evaporated to moist dryness on hot plate. The residue was dissolved in 2 mL 1:1 HCl and filtered through Whatman filter paper No. 1. The filtrate was diluted with water up to 10 mL in volumetric flask. The analysis of Cu (II) was carried out by recommended procedure and results were compared with result obtained by atomic absorption spectrophotometer (Table 5 ).
Conclusion
The 4-(4'-nitrobezylideneimino)-3-methyl-5-mercapto-1,2,4-triazole was synthesized and an extractive spectrophotometric method was developed for determination of Cu (II) at microgram level by using phosphate buffer solution. Equilibration time is very less; method is rapid, selective, reproducible and reliable. The method is applicable for determination of Cu (II) from synthetic mixtures, pharmaceutical samples and alloys. The results obtained are in good agreement with the certified values and comparable to those obtained by known methods.
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